Tetrahymena corlissi, a free-living protozoan, apparently caused the death of large numbers of guppies (Poecilia reticulatus) and occasionally other fishes, in aquaria and hatcheries at several locations. Apparently the disease occurs when the fish and protozoan populations are both at a high level of density. The signs include white spots and epidermal damage. Histologically, T. corlissi could be seen in skin, muscle, and viscera; in some there was marked inflammation, in others there was little tissue reaction. A key is presented for the identification of invasive fish ciliates: Chilodonella, Hemiophrys, Ichthyophthirius, Ophryoglena, and Tetrahymena. 
Ophryoglena sp., while being kept in small aerated aquaria for other purposes. In extreme cases the epithelium becomes so necrotic, due to the invading protozoa, that it sloughs in patches and the fish die. Migala and Kazubski (1971, 1972) reported epizootics caused by free-living ciliates (Chilodonella cucullus, C. uncinata, Dexiostoma campylum, Glaucoma scintillans, Colpidium colpoda, Frontonia acuminata, F. leucas) on carp following overwintering in Polish ponds. Similarly, Purdom and Howard (1971) described epizootics in fish reared in marine fish hatcheries, caused by facultative parasitic ciliates of the species Helicostoma buddenbrooki. However, in contrast to all aforementioned ciliates, Tetrahymena has been found repeatedly and its pathogenic action has been clearly established by repeated observations and histological proof. Experimental infection, however, has not been achieved.
Beginning with Epstein's report in 1926, Tetrahymena has been reported from fishes, amphibians, baby chicks, and possibly from man. Further detail was given in reviews by Corliss (1960 Corliss ( , 1970 .
The ciliate studied by us was T. corlissi. It is the purpose of this paper to: (1) describe it because the description by Thompson (1955) was in abstract only, (2) present a scheme for differential diagnosis of holotrichs of fishes, and (3) describe the histopathologic changes in host tissues after they are invaded by the organism.
Tetrahymena corlissi Thompson, 1955 ( Figs. 1-4 (Figs. 2, 4) . This arrangement differs from that described by Thompson (1955) who stated that T. corlissi has 2 postoral rows. Buccal apparatus with an undulating membrane of coalescent cilia (to the observer's left) and with 3 obliquely set membranelles, each 3 ciliary rows wide (to the right). Buccal apparatus near anterior pole of body (Figs. 3, 4 ). An 11-by 9-,am oval to round macronucleus lies near a 2-to 3-,um micronucleus.
Differential diagnosis
Although the ciliate can be seen under a dissecting microscope, generic diagnosis can be made only by observing the ciliate in wet mounts or histological sections. To determine the species, impregnation methods (such as Chatton-Lwoff, Klein's, or Bodian's protargol), which reveal the "silver line system" of ciliary rows, are necessary.
The finding of small ciliates in the tissues of North American fishes indicates infection by at least one of the following: Tetrahymena corlissi, Ophryoglena, Hemiophrys, juvenile Ichthyophthirius, or possibly Chilodonella. Because of recent confusion in the identification of some of theseparticularly Tetrahymena, Ophryoglena, and Hemiophrys-we present here the comparative features (Table I) Grossly the infection is often seen as small (1 mm) white spots in the skin and musculature of the fish, accompanied by extensive sloughing of the epidermis, elevation of the scales, and a loss of equilibrium. The white spots are areas of necrosis which contain the ciliate. In the cases studied female fish died within 1 week after infection, and males in 1 to 3 weeks. The protozoans were readily seen on living fishes with a dissecting microscope and could be demonstrated easily in wet mounts (Fig.  1) . Many parasites were seen in the blood vessels of the gills of one dead guppy.
Histologically, the protozoan could be seen superficially in the skin and in the musculature of the body wall (Fig. 5) and in some cases even in the coelom (Fig. 6) . In most specimens the epidermis was eroded, and in others the dermis also. The extensive skeletal muscle necrosis was not accompanied by either hemorrhage or edema. Speidel (1954) Tetrahymena, using time lapse cinemicrography. In some cases there was a strong inflammatory response in areas of the dermis and musculature that Tetrahymena invaded (Fig. 7) ; since other cases lacked an inflammatory response, secondary bacterial infection may have caused the inflammation. Although some of the organisms that had penetrated deeply were surrounded by fibroblasts, no connective tissue capsule was formed by the host to wall off the parasites. Many of the ciliates had ingested erythrocytes, the nuclei of which were seen in vacuoles (Fig. 8) .
On three occasions, we failed to infect healthy fish from a disease-free source with T. corlissi from diseased fish; F. Meyer (pers. comm.) reported the same results but noted that female progeny of infected females were infected. In contrast, Corliss (1960) reported experimental invasion of other animals by Tetrahymena, and Thompson (1958) infected artificially wounded guppies with T. corlissi.
DISCUSSION
Tetrahymena is typically a free-living ciliate. Under conditions which are yet to be identified, however, it apparently is invasive and may contribute to or even cause death. The failure of our attempts to transmit T. corlissi may reflect avirulence, lack of environmental factors essential to invasion, lack of host debilitation, or presence of host resistance. The presence of the organism in diseased fishes, and especially the histopathological findings, support a hypothesis of cause and effect. We do not, however, rule out the possibility that the ciliate follows a primary invader such as a bacterium. Bacteriological and virological examinations were not made.
The first report of Tetrahymena sp. from fish is that of Corliss (1953a) who found it in the peduncle musculature and spinal canal of a 15-mm rainbow trout in Paris.
Tetrahymena corlissi Thompson (1955) Until more is known, Tetrahymena should be treated with methods used for the somewhat similar ichthyophthiriasis. These methods, how-ever, do not kill parasites that have already invaded tissues.
